NEOSHO BASIN TOTAL MAXIMUM DAILY LOAD

Water Body/Assessment Unit: Owl Creek
Water Quality Impairment: Copper

1. INTRODUCTION AND PROBLEM IDENTIFICATION

Subbasin:

Counties:

HUC 8:

HUC 11 (HUC 14s);
Drainage Area:

Main Stem Segments:

Tributary Segments:

Designated Uses:

Impaired Use:

Water Quality Standard:

Upper Neosho

Woodson and Allen

11070204

040 (010, 020, 030, 040, and 050)
203.4 square miles

19 and 21 dtarting at confluencewith the Neosho River in southwestern Allen
County and extending upstream to headwaters in west-central WWoodson
County (Figure 1).

Bloody Run (25)
Cherry Creek (20)
Flum Creek (22)

South Owl Creek (552)

Expected Aquatic Life Support, and Secondary Contact Recreationfor Man
Stem Segments 19 and 21.
Expected Aquatic Life Support

Acute criterion = WER[EXP[(0.9422* (LN (hardness)))-1.700]]
Chronic criterion = WER[EXP[(0.8545* LN (hardness)))-1.702]

Hardness-dependent criteria (KAR 28-16-28¢(c)(2)(F)(ii)). Aquatic Life
(AL) Support formulae are: (where Water Effects Ratio (WER) is 1.0 and
hardnessisin mg/L).

2. CURRENT WATER QUALITY CONDITION AND DESIRED ENDPOINT

Level of Support for Designated Use under 2002 303(d): Not Supporting Aquatic Life

Monitoring Site: Station 610 near Humbol dt

Period of Record Usedfor Monitoring and Modeling: 1992, 1996 and 2000 for Station 610; some
2000 and 2001. Generdized Watershed Loading Function (GWLF) modeling period for soil datais 1998

—2002.



Figurel Owl Creek Location Map
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Flow Record: Marmaton River near Marmaton (USGS Station 06917380) matched to Owl Creek
watershed for Owl Creek near Humboldt (USGS 07183150)



Long Term Flow Conditions. 10% Exceedance Flows = 63.5 cfs, 95% = 0.9 cfs
Critical Condition: All season; mid to high flowsin particular

TMDL Development Tools: Load Duration Curve (LDC) and Generdized Watershed Loading
Function (GWLF) Modd
Summary of Current Conditions:

Estimated Average Nort+Point Load of Copper from Sediment: 9.252 Ib/day (3,377 Iblyr)
(derived from GWLF annud estimate of sediment loading)

Estimated Point Source Load (Totd): 0.019 Ib/day
Y ates Center Wastewater Treatment Plant (MWTP): 0.018 Ib/day
Woodson County Improvement Digtrict MWTP): 0.001 Ib/day

(assumed copper concentration multiplied by MWTP designflow[0.681 cfsfor Y atesMWTP, and 0.026
cfsfor Woodson MWTP])

Edtimated Tota Current Load: 9.271 Ib/day
(estimated non-point copper load from sediment (GWLF) + estimated point source load)

Summary of TMDL Results:

Average TMDL (acute): 1.483 Ib/day
Average TMDL (chronic): 0.978 Ib/day
Waste Load Allocation (WLA, acute): 0.075 Ib/day (Y ates=0.073, Woodson= 0.003)
Waste Load Allocation (WLA, chronic): 0.048 Ib/day (Y ates=0.046, Woodson = 0.002)
Average Load Allocation (LA, acute): 1.259 Ib/day
Average Load Allocation (LA, chronic): 0.832 Ib/day

(AverageLA = average TMDL —WLA —average MOS; see Figure7 for LA at specific flow exceedance
ranges)

Average Margin of Sefety (MOS, acute): 0.148 Ib/day
Average Margin of Safety (MOS, chronic): 0.098 Ib/day

TMDL Source Reduction:
WLA Sources (MWTP, acute and chronic): No reduction necessary

Non-Paint (acute): 7.993 Ib/day (86%)
Non-Point (chronic): 8.421 Ib/day (91%)



GWLF Modeling for Generating Load Estimates:

Exiding non-point source loads of copper to Owl Creek were estimated using the GWLF (Haith, et
al. 1996) modd. The modéd, in conjunction with some externd Spreadsheet cdculations, estimates
dissolved and total copper loads in surface runoff from complex watersheds such as Owl Creek. Both
surface runoff and groundwater sources are included in the smulations. The GWLF modd requiresdaily
precipitation and temperature data, runoff sources and transport, and chemica parameters. Transport
parametersinclude areas, runoff curve numbers (CN) for antecedent moisture condition |1, and the eroson
product KLSCP (Universal Soil Loss Equation parameters) for each runoff source. Required watershed
trangport parameters are groundwater recession and seepage coefficients, available water capacity of the
unsaturated zone, sediment delivery ratio, monthly values for evapotranspiration cover factors, average
daylight hours, growing season indicators, and rainfall erosvity coefficients. Initial vaues must aso be
specified for unsaturated and shallow saturated zones, snow cover, and 5-day antecedent rainfdl plus
showmelt.

Input datafor copper in soil were obtained from Soil Conservation Service (SCS) and USGS (e.g. Juracek
and Mau [2002, 2003]). For modeling purposes, Owl Creek wasdivided into severd subwatersheds. The
mode was run for each subwatershed separately using a5-year period, January 1998- December 2002,
and firg year resultswereignored to diminate effects of arbitrary initid conditions. Daily precipitation and
temperature records for the period were obtained from the Western Regiond Climate Center (Haith, et
al. 1996). All transport and chemica parameters were obtained by genera procedures described in the
GWLF manud (Haith, et al. 1996), and valuesused inthemodd arein Appendix B. Parameters needed
for land use were obtained from the State Soil Geographic (STATSGO) Database compiled by Natura

Resources Conservation Service (NRCYS) (Schwarz and Alexander 1995).

For each land use area shown on Figure 4, NRCS Curve Number (CN), length (L), and gradient of the
dope (S) were estimated from intersected € ectronic geographic information systems (GI S) land useand soil
type layers. Soil erodibility factors (Ki) were obtained from the STATSGO database (Schwarz and
Alexander 1995). Cover factors (C) were selected from tables provided in the GWLF manud (Appendix
B). Supporting practice factors of P = 1 were used for al source areasfor lack of detalled data. Area-
weighted CN and Ky, (LS)k, Ck, and P vaues were calculated for each land use area. Coefficients for
dally ranfdl erogvity were selected from tables provided in the GWLF manud. Modd input variablesand
model outputs are shown in Appendix B.

To cdculate the watershed yield for copper, the GWLF mode was run to generate the average annud

runoff and average annual sediment load generated from each subwatershed. Average sediment copper
concentrationswere derived from severd USGS studies of lakeand river bottom sedimentsin Kansas. The
average sediment copper concentrations for this area are gpproximately 33.5 ug/g (ppm). This mass
concentration of copper in sediments was used in conjunction with the TSS concentrations in the ambient
sampling to determine the particulate portion of the ambient total copper results that are attributable to
copper in suspended sediments. Theremainder of theambient total copper sampling resultsare, therefore,
dissolved copper concentrations.



Thisambient dissolved copper concentration was conservatively assumed to be the same concentration as
in the runoff generated from the watershed. This fraction was estimated using partitioning assumptions
implicit inthe modd. In addition, the average sediment concentration of 33.5 ug/g soil was used with the
GWLF generated average annua sediment yield to calculate the average annua copper yield associated
with sediment.

Load Duration Curves. Becauseloading capacity isbelieved to vary asafunction of theflow presentin
the stream, Tables 1a and 1b were prepared to show the number of water quaity samples exceeding the
acute and chronic copper WQS as afunction of flow during different seasons of theyear. Ambient water
qudity datafrom the KDHE rotational sampling Station 610 were categorized for each of thethree defined
seasons. Spring (Apr-Jul), Summer-Fdl (Aug-Oct) and Winter (Nov-Mar). Flow dataand ambient water
quality datafor copper and hardness, collectedin 1992, 1996, and 2000, from station 610 are providedin
Appendix A, Table A-2. High flows and runoff generdly equate to lower flow exceedance (high flow)
ranges, baseflow and point source influences generdly occur in the 75-99% (low flow) range.

From Table 1a, atota of sevenacute WQS exceedancesfor total copper were observed (of 18 samples
collected) during rotationd monitoring. Of these, only one exceedance was observed a less than

75 percent flow exceedance, strongly suggesting that these excursonsoccur a higher flows. Itisdifficultto
discern whether any seasond differences are present, as exceedances generdly occurred evenly throughout
the different seasons.

Tablela Number of Samples Exceeding Acute Copper WQS by Flow During Spring,
Summer/Fall, and Winter
Percent Flow Exceedance Cumulative
Station Season 0to 10% 110to 25% 125t0 50% |50t0 75% |751t0 90% 190t0 100% |JFreqguency
Spring 0 0 1 0 1 0 2/6 (33.3%)
Owl Creek|Summer-Fall 0 0 1 2 0 0 3/6 (50%)
(610) Winter 1 0 0 1 0 0 2/6 (33.3%)

From Table 1b, atota of nine chronic WQS exceedances for total copper were observed (out of 18
samples collected). Similar to acute exceedances, only one exceedance was observed at less than
75 percent flow exceedance, again suggesting that these excursions occur at higher flows. Itisdifficult to
discern whether any seasond differencesare present, as exceedances generaly occurred evenly throughout
the different seasonsfor both acute and chronic. These exceedances account for theimpaired water body
designation and inclusion on the 2002 Kansas §8303(d) list for Owl Creek.

Table 1b Number of Samples Exceeding Chronic Copper WQS by Flow During Spring,
Summer/Fall, and Winter
Percent Flow Exceedance Cumulative
Station Season 0to 10% ]10to 25% J25t0 50% |50t075% |751t090% |90t0100% |Freguency
Spring 0 1 1 0 1 0 3/6 (50%)
Owl Creek|Summer-Fall 0 0 1 2 0 0 3/6 (50%)
(610) Winter 1 0 1 1 0 0 3/6 (50%)

Figures 2a and 2b compare KDHE measured copper concentrationswith paired hardness- specific acute
WQS vauesfor total copper, and show the dates at which the exceedances occurred. Ascanbeseenin



the figures, atotal of saven exceedances of the acute WQS were measured, with the most recent acute
exceedance recorded during 1996.

Figure2a Comparison of Total Copper Concentrationswith Paired Har dness-Specific
Acute WQS for Monitoring Station #610
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Figure 2b shows a total of nine exceedances of the chronic WQS, with tie most recent chronic
exceedance occurring during 2000. Because no data are available since 2000, it is difficult to conclude
whether water quality has improved since that time.



Figure2b Comparison of Total Copper Concentrationswith Paired Har dness-Specific
Chronic WQSfor Monitoring Station #610
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Egtimated Owl Creek flow data for the associated sample date were used to estimate both the observed
load and the acute WQS load, and the chronic WQS load (Figur es 3aand 3b, respectively). Measured
copper concentration and the paired hardness- specific WQSwere used to cal cul ate the observed |oad and
the assmilative capacity based ontheacute WQS, respectively. Differencesin the observed load fromthe
acute WQSIoad were cal culated by subtracting the acute WQS |oad from the observed load. Postive(i.e
above zero) differences indicated |oad exceedances.

Figure 3a summarizes the acute copper |oad exceedances plotted againgt percent flow exceedances.
Acute exceedanceswere observed at ardatively widerange of flows, athough excursionsoccurred during
flows bdieved to be associated with non-point discharges of copper. Seven acute excursons were
observed, which occurred roughly between 10 percent and 80 percent flow exceedance (7%, 30%, 34%,
51%, 56%, 74%, 79%). Smilarly, Figure 3b summarizes the chronic copper |oad exceedances plotted
againg percent flow exceedances. Nine chronic excursonswere observed, which aso generdly occurred
between 10% and 80 percent flow exceedance (7%, 22%, 28%, 30%, 34%, 51%, 56%, 74%, 79%).

These observationsfor both acute and chronic WQS exceedancessuggest thet excursonsoccur & highand
somewhat medium flow, with very few excursons occurring under very low flow conditions. Thisfinding
therefore suggests that copper loading occurs primarily from nonpoint sources during periods of higher
flows.



Figure 3a Exceedances of Acute Total Copper WQS L oad as a Function of Percent Flow
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Figure 3b Exceedances of Chronic Total Copper WQS Load as a Function of Percent
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Dueto chronic WQS violations, it was necessary to include the stable hydrologic conditionsin the chronic
TMDL. Since the LDC approach is used to derive the Owl Creek TMDL, dl flow conditions are



incorporated into the TMDL. Subsequently, TMDL loads for each flow range were cdculated. For
example, at the median stream flow vaue(estimated using the Kansas Statute K SA 82(a)- 2001 criterion of
the most recent 10 years of available stream flow datafor Owl Creek), the 50 percent flow exceedanceis
goproximately 10.15 cfs.

Desred Endpoints of Water Quality (Implied L oad Capacity) at Site 610 over 2007 — 2011

The KDHE 2002 303(d) list identifies the aquetic life use of Owl Creek asimpaired asaresult of acuteand
chronic copper exceedances. Owl Creek was assigned for TMDL development on the KDHE 2002
303(d) list. 40 CFR8130.7(c)(1) statesthat “TMDLs shdl be established at levelsnecessary to attain and
maintain the gpplicable narrative and numerica water quaity Sandard.” The water quality sandards are
cdculated using the following hardness-dependent equations (KDHE 2003):

acute criterion (WQS) = WER[EXP[(0.9422* (LN (hardness)))-1.700] ]
chronic criterion= WER[EXP[(0.8545* (LN (hardness)))-1.702]]

The desired endpoint of the Owl Creek TMDL isfor total copper concentrations attributed to identified
potential sources of copper in the watershed to remain below the acute and chronic WQS in the stream.
Thisdesired endpoint should improve water quality in the creek at both low and high flows, dthough WQS
exceedances at Owl Creek generaly occurred during periods of high flow. Seasond variation isaccounted
for by thisTMDL, sncethe TMDL endpoint accountsfor thelow flow conditions usudly occurring in the
July-November months,

This endpoint will be reached as aresult of expected, though unspecified, reductions in sediment loading
from the watershed resulting from implementation of corrective actions and best management practices
(BMP), asdirected by thisTMDL Report. Achievement of thisendpoint is expected to providefull support
of the aquatic life function of the creek and attain the acute and chronic WQS for copper.

3. SOURCE INVENTORY AND ASSESSMENT

General Watershed Description: The Owl Creek watershed lies largdy within Woodson County,
Kansas and is about 203 square milesinarea. Thewatershed’ spopulation density islow to averagewhen
compared to dengties across the Neosho Basin (8-19 persons per square mile). Woodson County’s
reported population in 2000 is only 3,800 individuds. The annud average rainfdl in the Owl Creek
watershed isgpproximately 32.4 inches based on datafrom Topeka, Kansas. Approximately 70 percent of
this precipitation falls between April and September. Ten to 18 inches of snow fdl in an average winter.
Average temperatures vary from 35 degrees Fahrenheit (°F) in the winter to 78°F in the summer.

Land Use. Table 2 showsthe genera land usecategorieswithinthe Owl Creek watershed derived from
USEPA BASINS Verson 3.0 data (USGS 1994). Figure 4 depictsthe land use categories that occur
within theOwl Creek watershed. Most (>90 percent) of the watershed isharvested cropland and pasture
Of this, gpproximately 64 percent of the entirewatershed isgrassand and 33 percent harvested cropland.
The cropland is distributed across the middle third of the watershed. The grazing densty estimate is
expected to be average in the upper and lower ends of the watershed, and low in the middle portion of the



watershed when compared to densities elsawhere in the Neosho Basin (24—34 animds per square mile).
Mogt of theriparian corridor traversesthrough cropland and pasturdland and thereisan inggnificant amount
(lessthan 1% of thetotal) of commercid or developed land in the watershed. Given the smdl sze of the
rural population and the limited residentid and commercia land use, land development impacts to weater
qudity in the Owl Creek watershed are generaly expected to be limited.

Table2 Land Use Categories
LANDUSE Total Acres % of Total
COMMERCIAL AND SERVICES 151 0.11
CONFINED FEEDING OPS 142 0.11
CROPLAND AND PASTURE 118,784 90
DECIDUOUS FOREST LAND 4,517 3
HERBACEOUS RANGELAND 6,741 5
MIXED URBAN OR BUILT-UP 55 0.04
ORCH,GROV,VNYRD,NURS,ORN 48 0.04
OTHER URBAN OR BUILT-UP 122 0.09
RESERVOIRS 370 0.28
RESIDENTIAL 401 0.31
STRIP MINES 33 0.03
TOTALS 131,364 100

10



Figure4

Owl Creek Watershed Land Use Map
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Soil. Figure 5, derived from STATSGO data, generally represents soil types prevalent throughout theOw
Creek watershed. Mgor soil types in Woodson County and the adjoining counties include clay and st
loam (Schwarz and Alexander 1995).

Figure5 Owl Creek Watershed Soil Map
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No datafor copper in soil or sediment were found specificaly within theOwl Creek watershed, but copper
s0il and sediment data were collected from Pottawatomie County (Whittemore and Switek 1977). Inthat
study, copper concentrations were measured in rocks (two limestone and two shale), soil and stream
sediments. The total and acid soluble fraction of copper concentrations found in rocks ranged from 16-
34 parts per million (pm) and 1.6-9.5 ppm, respectively. The totd, exchangesble fraction, and acid
soluble fraction of copper found in soil ranged from 18-56 ppm, 2.4-3.1 ppm and 5.0-6.8 ppm,
respectively. The total, exchangeable fraction, and acid soluble fraction of copper found in stream
sediments from five locations in Pottawatomie County ranged from 15-28 ppm, 0.4-2 ppm, and 5.1-

8.7 ppm, respectively.
Point Sour ce Dischar ges

KDHE (2002) reported two NPDES permitted wastewater dischargerswithinthe Owl Creek watershed.
Thesefadilities are outlined below in Table 3.

Table3 NPDES Per mitted Discharger to Owl Creek
DISCHARGING FACILITY STREAM REACH SEGMENT DESIGN FLOW TYPE
Yates Center MWTP S. Owl Creek 552 0.681 cfs mechanical

Woodson County

Improvement District MWTP Plum Creek 22 0.026 cfs lagoon

The Woodson County Improvement Didtrict relies on athree cdll lagoon system with 120-day detention
times for treatment of wastewater. Kansas Implementation Procedures — Waste Water Permitting —
indicates thislagoon meets standard design criteriawhich have been shown to consstently meet or exceed
water qudity sandards, athough a review of the monitoring requirements indicates no requirements for
specific monitoring of copper in effluent.

The population projection for Y ates Center to the year 2020 indicatesadight increase, dthough projections
of future water use and generated wastewater gppear to be within the design flowsfor the current system'’s
treatment capacity. Asnoted earlier, exceedances above the acute and chronicWQS value for copper at
Station 610 appear to occur primarily at higher flow conditions, probably reflective of honpoint source
loadings from stormwater runoff. Point sources such as the Yates Center MWTP are therefore not
regarded as a significant source of copper in the watershed.

Nine anima feeding operations are registered, certified or permitted within the Owl Creek watershed.

These facilities (beef, swine and dairy) are located either in the upper or lower third of the watershed
(Figure 4). One of these nine facilitiesis an NPDES permitted, non-discharging beef fadlity with 3,500
animas|ocated in the upper third of Owl Creek (Segment 21). All permitted livestock facilitieshave waste
management systems designed to minimize runoff entering their operations or detaining runoff originating
from theseareas. Such systemsare designed to retainthe 25-year, 24- hour rainfal/runoff event, aswell as
an anticipated 2 weeks of normal wastewater from operations. Such rainfal eventstypicaly coincidewith
stream flowswhich are exceeded lessthan 1- 5 percent of thetime. Requirementsfor maintaining thewater
levd of the waste lagoons a certain distance below the lagoon berms ensures retention of the runoff from

these intense, locd storm events. In Woodson County, such an event would generate 6.5 inches of rain,
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yidding 5.3 to 6.1 inches of runoff in a day. However, no specific data are avalable on copper
concentrations from waste management systems.

Non-point Sources

Non-point sources include those sources that cannot be identified as entering the water body at a specific
location. Non-point sourcesfor copper may originate from roads and highways, urban areasand agriculture
lands. Some automobile brake pads are a source of copper as are some building products such as
plumbing, wiring, and paints (Boulanger and Nikolaidis 2003).

In a Univeraty of Connecticut study, Boulanger and Nikolaidis (2003) found eevated concentrations of
total copper in runoff from copper roofed areas (ranging from 1,460 g/l to 3,630 ug/L). They dso found
moderately high concentrations of total copper in runoff from paved and lawn areas (about 16 pg/L. and 20
gL, respectively). Automobile brake pad dust containing copper particles, automobilefluid leskage, and
fertilizer and pesticide applications were reportedly responsible for the concentrations of copper on the
paved and lawn areas. In a smilar sudy conducted at the University of Maryland, Davis et d. (2001)
found the largest contribution of copper from brake emissons (47%), building sding (22%), and
atmospheric deposition (21%), with smdler contributions fromcopper roofing, tiresand oil leskage (10%).

Thus, dthough these studies suggest that residentia, roadway, and commercid land uses may represent
non-point pollutant sources of copper, given the smdl proportion of these types of land usethat occur inthe
Owl Creek watershed, such copper contributions are assumed to be minimd.

Agricultural sources. The mogt probable non-point source of copper may be associated with the

extendve amount of agriculture activity that occursin thewatershed. Livestock operationsare operatingin

the Owl Creek watershed, asdiscussed above. Copper sulfateiswidey used for trestment and nutrition of

livestock, trestment of orchard diseases, and remova of nuisance aquatic vegetationsuch asfungi and dgee
No specific datais available for determining copper concentrations in lagoon waters.

Following isabrief discusson of agricultura land use activitiesin Woodson County. County censusdata
(KASS 2002; SETA 1997) are expected to be arelatively accurateand provide aquditative indication of
the agriculturd land uses activities in the watershed that could contribute to copper |oading to thereceiving
waters. There are gpproximately 30,000 head of cattle and poultry combined on 293 farmsinWoodson
County (KASS 2002; SETA 1997). Dairy and beef cattle may suffer from various hoof diseasesthat is
typically treated with a copper sulfate hoof bath (Davis 2004 and Ames 1996). Improper disposa of the
copper sulfate bath water onto theland, which could subsequently infiltrate to groundwater could represent
a possible nonpoint source pathway of copper in the Owl Creek watershed.

According to SETA (1997), there were gpproximately 2,000 hogs on 11 famsin Woodson County in
1997 (reduced from 5,000 hogs on 31 farmsin 1987). It iscommon practiceto feed copper supplements
to hogs and to a lesser extent other livestock (Richert 1995). A 250-pound hog will have released
gpproximately 1.5 tons of copper-containing waste (Richert 1995). Thus, past improper management of
thiswaste may have created a legacy source of copper in the Owl Creek watershed.
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Soybean crops cover gpproximately 30,000 acres in Woodson County (SETA 1997), while corn,

sorghum, and wheat crops cover approximatey 35,000 acres combined. Copper deficiency in soybeansis
corrected by application of three to Six pounds of copper as copper sulfate per acre (Mengd 1990). In
addition, copper-based pesticides are currently the 18" most widdly used pesticide in the United States
(Avery 2001). Suchagricultura applications could therefore represent anonpoint source of copper tothe
Owl Creek watershed.

Non-point Sour ce Assessment Conclusion

The above discussion concerning nonpoint sources of copper isa qualitative assessment of the potentia
anthropogenic sources of copper intheOwl Creek watershed. It is possiblethat some copper may originete
from automobile brake deposits, building materids, and copper-based pesticides and feed or featilizars Due
to the relatively low dengty of human populationin theOwl Creek watershed, copper |oadingsfrom urban
land uses may be quite limited, while those from agriculturd land use are more substantid.

Naturaly occurring copper in soil may condtitute asubstantia portion of estimated |oadingsto Owl Creek.
To cdculate the watershed yield for copper, the GWLF mode was run to generate the average annud
runoff and average annual sediment load discharged to Owl Creek. Thismodeling wasconducted based on
average sediment copper concentrations derived from severd USGS studies of lake and river bottom
sedimentsin Kansas (Juracek and Mau 2002, 2003). Theaverage sediment copper concentrationsfor this
area are gpproximately 33.5 pg/g (ppm), which are elevated compared to soil in many other parts of the
country.

4. ALLOCATION OF POLLUTION REDUCTION RESPONSIBILITY

Following is a discusson of the results of the TMDL process for total copper at Owl Creek, and an
evauation of potential sources and responghility.

TMDL Calculations

Figure 6is a plot of hardness versus flow designed to define any potentia correlation between these
variablesin the Owl Creek watershed. Hardnessis known to generdly be inversely proportiond to flow.
This assertion is supported by Figur e 6, which demonstrates an gpparent rel ationship between these two
variables in Owl Creek (p<0.05).

Thisevduation isimportant because it helps define the effects of flow on copper bioavailability and toxicity,
and in addition provides vauable ingght into hydrologic flow conditions for the watershed. Because the
regresson was found to be datisticaly sgnificant (p < 0.05), the regression equation (y = 1.2321x +
159.42) was used to define hardness at any particular flow exceedancerange. Thisalowed for derivation
of “interim” WQS vauesfor copper within individua flow exceedance ranges and used to estimate TMDL
loads within each of theseranges. The average of these TMDL estimates across al flow ranges was used
asthe TMDL for the watershed.
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Figure 6

250

N
o
o

150

100

Total Hardness (mg/L CaCOs)

]
o

Figur e 7a showstheload duration curvefor compliance with the acute WQS for copper which a so ddines
the Owl Creek TMDL, WLA, LA, and MOS. Figure 7a aso depicts measured loading of copper from
the KDHE water qudity monitoring station in relation to the acute TMDL. This TMDL was developed
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using the acute WQS derived using the flow- hardness regression equation.

The area below the acute TMDL with MOS and above the WLA represents the acute LA inFigure 7a.
Figure 7a showsthe LA range based on flow exceedance. Current acute point sourceloadingisshownon
Figure 7aasalinebeow the acute WLA estimate, indicating that no point sourceload reduction would be
necessary. The current non-point loading esimateisnot shown in Figur e 7a because the GWLF estimate
is based on average loadings rather than flow exceedance ranges. Therefore the current non-point loading
estimate was only compared to the average acute TMDL vaue. Based on these cd culations, the ca culated

average acute TMDL for total copper in Owl Creek is1.483 Ib/day (341.3 Ibfyr).

The caculated average acute TMDL for total copper in Owl Creek was computed:

Acute TMDL (1.483 Ib/day) = LA (1.259 Ib/day) + WLA (0.075 Ib/day) + MOS (0.148

Ib/day)
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Figure7a Load Duration Curve Used to Derive Acute TMDL
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Figure 7b shows the load duration curve for compliance with the chronic WQS for copper which adso
definestheOwl Creek TMDL, WLA, LA, and MOS. Figure 7b a so depicts measured loading of copper
from the KDHE water quality monitoring ationin relaion to thechronic TMDL. Thechronic TMDL was
developed using the chronic WQS derived using the flow- hardness regression equation.

The area below the chronic TMDL with MOS and above the WLA represents the chronic LA in
Figure 7b. The diagram dso shows the LA range based on flow exceedance. Current chronic point
source loading is shown on Figure 7b asaline below the WLA egtimate, indicating that no point source
load reduction would be necessary. The current non-point loading esimete is not shown in Figure 7b
because the GWLF estimate is based on average |oadings rather than flow exceedance ranges. Therefore
the current non-point loading estimate was only compared to the average chronic TMDL vaue. Based on
these cdculations, the cadculated average chronic TMDL for total copper in Owl Creek is0.978 Ib/day
(357.0 Iblyr).

The cdculated average chronic TMDL for total copper in Owl Creek was computed:

Chronic TMDL (0.978 Ib/day) = LA (0.832 Ib/day) + WLA (0.048 Ib/day) + MOS (0.098
Ib/day)
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Figure 7b Load Duration Curve Used to Derive Chronic TMDL
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Results of regression analysisand normality testing. Water hardness data were not subjected to
normality testing due to the positive correlation between flow and hardness asindicated by theregresson
equation (Figure6). For the data sets used to support the averaged load estimates suchas TMDL,, MOS,
and load reduction, results of normality testing indicated that these datawere not normally distributed, and
log-transformetion of the data was necessary before the caculations could be completed.

Figures 8a and 8b show the potentid acute and chronic WQS exceedances, respectively, for total copper,
and compares the measured total copper loading to the load duration curve for three specific hardness
vauesthat arerepresentative of typica seasond variationin Owl Creek. Figures 8aand 8b appear to be
effective predictors of potential WQS exceedancesin part because three representative hardnessranges are
used to estimate total copper loadings to the watershed. Review of these two plotsindicates that there
would be more exceedances for the chronic WQS rather than the acute, which is explained by the more
stringent hardness- dependent equation used to caculate the chronic WQS.
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Total Copper Load (pounds/day)

Figure 8a Comparison of Measured Total Copper Load by Season to Acute L oad
Duration Curve at Specific Hardness Values
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Figure 8b Comparison of Measured Total Copper Load by Season to Chronic Load
Duration Curve at Specific Hardness Values
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TMDL Pollutant Allocation and Reductions

Any dlocation of wasteloads and loads will be made in terms of total copper reductions. Y et, because
copper loadings are amanifestation of multiple factors, theinitia pollution load reduction responsbility will
be to decrease the total copper inputs over the critical range of flows encountered on the Owl Creek
system. Allocationsrelateto the average copper levels seenintheOwl Creek system at Station 610 for the
criticd lower flow conditions (represented by the 95 percent flow exceedance vaue of 0.707 cfs).
Additional monitoring over time will be needed to further ascertain the rdationship between copper
reductions of non-point sources, flow conditions, and concentrations within the stream.

In calculating the TMDL the mean of al TMDL va ues across different flow rangeswasused. TMDL at
each percent flow exceedance ranges was cal culated by multiplying the associated flow and copper WQS
at the particular flow exceedance range. Thisis represented graphicaly by the integrated area under the
copper load duration curve (Figures 7a, 7b, 8a and 8b). The areais segregated into alocated areas
assigned to point sources (WLA) and non-point sources (LA). Futureincreases in wastel oads should be
offsat by reductions in the loads contributed by non-point sources. This offset, dong with appropriate
limitations, is expected to eventudly diminate the imparment.

WLA for Owl Creek

Sincethelowest flows of Owl Creek was adjusted to the design flow, the acute and chronictotal WLA for
the Owl Creek TMDL is equds to the minimum TMDL with MOS i.e., 90 of the acute and chronic
TMDL load at the design flow, respectively. The total estimated WLA for the combined NPDES
dischargesis 0.0.075 Ib/day for acute (Y ates Center MWTP accounting for 0.073 Ib/day and Woodson
County 1D accounting for 0.003 Ib/day), and 0.048 |b/day for chronic (Y ates Center MWTP acoounting for
0.046 Ibs/day and Woodson County MWTP accounting for 0.002 Ibs/day). Thus the Y ates Center
MWTP represents the predominant point source discharger within the watershed. Figures 7aand 7b
clearly show that based on the estimated WLA, there appear to be no historica excursonsfor copper from
point sources.

Basad upon the preceding assessment, the two permitted point source discharges are the MWTPsfrom
Y ates Center and the Woodson County Improvement Didtrict, which may have contributed aload of totdl

copper into the Owl Creek watershed upstream of Station 610. Thesedischargeswere consdered inthe
WLA edimate. Thedesignflow of the discharging point sources equa sthelowest flows seen at sation 610
(89-99% exceedance), and the WLA equalsthe TMDL curve acrossthisflow exceedancerange (Figures
7aand 7b).

LA for Ow Creek
Both the acute and chronic LA was estimated by using the following equetior

acute LA (1.259 Ib/day). = TMDL (1.483 Ib/day) — M OS (0.148 Ib/day) —WLA (0.075 Ib/day)
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chronic LA (0.832 Ib/day). = TMDL (0.978 Ib/day) — M OS (0.098 Ib/day) —WLA (0.048
Ib/day)

These LA cdculaions strongly suggest that the mgjority of copper loading emanates from nonpoint
sources, and that the contribution from NPDES point source dischargesis by comparison negligible. The
load from al non+point sourcesis contributed from miscelaneous|and uses, dthough themgority of theLA
gppears to come from soil [oading, which includes contributions of natura background sources of copper.

TheLA assgnsresponghility for maintaining the historical averagein-stream copper levels at Station610to
bel ow acute and chronic hardness- dependent WQS val uesfor specific flow exceedancelevels. Asseenon
Figures 7a and 7b, the assmilative cgpacity for LA equas zero for flows at 0.707 cfs (89-99 percent
exceedance), since the flow a this condition may be entirdy effluent creeted, and then increases to the
TMDL curve with increesing flow beyond 0.707 dfs.

Point Sour ce Load Reduction

A point source is respongble for maintaining its system in proper working condition and providing an
appropriate capacity to handle anticipated wastel oads of its populations. The State and NPDES permits
will continue to be issued at 5-year intervas, with ingpection and monitoring requirements and conditiona
limits on the qudity of effluent released from these facilities. Ongoing ingpections and monitoring of the
sysemswill be made to ensure that minima contributions have been made by this source.

Based on the preceding assessment, the two permitted point source dischargers are the Yates and
Woodson MWTPs, whichmay beaminor source of copper loading to the Owl Creek watershed upstream
of Station610. The design flow of the discharging point sources equals the lowest flows seen a
Station 610 (89-99 percent flow exceedance), and the WLA equasthe TMDL curvewith MOSacross
thisflow condition (Figures 7aand b). No reduction in point sourceloading isconsdered necessary under
thisTMDL.

Non-Point Source Load Reduction

Based on the prior assessment of sources, the distribution of excursgons from water qudity standards at
Station 610 and the relationship of those excursionsto runoff conditions and seasons, norn: point sourcesare
regarded asthe primary contributing factor to the occasond total copper excursonsinthewatershed. The
LA equds zero for flows at 0.707 cfs (89 — 99 percent exceedances, as seen on Figures 7a and 7b),
gnce the flow a this condition may be entirdly created by the effluent, and then increasesto the TMDL
curve with increasing flow beyond 0.707 cfs (Figure 7a and 7b). Sediment control practices such as
buffer strips and grassed waterways should help reduceany anthropogenic non-point copper |oadingsunder
higher flows aswell asreduce the sediment transported to the stream that may occur during the criticd flow

period.

The anticipated average acute and chronic LA source reduction were calculated by subtracting the LAs
from the GWLF non-point loading estimate.  These estimates are 7.993 Ibs/day and 8.421 Ibs/day,
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respectively, which represent an gpproximate 86 percent and 91% reduction from current non-paintloeding
estimate, respectively.

M argin of Safety

Federd regulations(40 CFR §130.7(c)(1)) require that TMDLSs take into consideration anMOS. The
MOS is a conservative measure incorporated into the TMDL equation that accounts for the uncertainty
associated with cadculating the alowable copper pollutant loading to ensure water quaity standards are
attained. USEPA guidance dlows for use of implicit or explicit expressions of the MOS, or both. When
conservative assumptions are used in development of the TMDL, or conservative factors are used in the
cdculations, the MOS is implicit. When a specific percentage of the TMDL is set asde to account for
uncertainty, then the MOS s considered explicit. Thiscopper TMDL rdieson both animplicit and explicit
MOS derived from avariety of caculations and assumptions made which are summarized below. The net
effect of the TMDL with MOS isthat the assmilative capacity of the watershed is dightly reduced.

NPDES permitting procedures used by KDHE are conservative and provide animplicit MOS built into the
cdculaions (e.g., whether or not to dlow amixing zone). Asan example, thecdculation to determinethe
permit limit isbased on thelong term average trestment efficiency based on a 90 percent probability thet the
discharge will meet the WLA. It is common knowledge that the efficiency of amechanicd MWTP is
greater during prolonged dry wegther than under wet weather conditions. The log-norma probability
digtribution curves for trestment plant performance used by USEPA to determine the long-term average
takes into account wet weather reduction in efficiency for caculating the 90th percentile discharge
concentration of copper (USEPA 1996). During wet wegther periodstherewould bewater flowingin O
Creek, further diluting theMWTP discharge. Another conservative assumption that is the WLA cdculaion
usesthe desgn flow of NPDES discharges rather than actud effluent flows, which are lower.

Uncertainty Discussion

Key assumptions used. Following isalist of operating assumptions utilized to support the caculations,
duein part to the limited data .

The lowest stream flow was adjusted to assure that it would not drop bel ow the combined design
flow of the Y ates and Woodson MWTP

Concentration of copper in wastewater effluent occurred at one- haf theandytica detection limit for
copper — 5 pg/L isthe assumed vaue.

Matched flow data for USGS dation for Marmaton River near Marmaton was used rather than
actud flow data for Owl Creek.

Water hardness val ues used for flow-hardness regression equation to calculate WQS for copper.
Output from GWLF modd for non-point source loading was compared to output from LDCsto
estimate non-point load reduction.

Totd loading data was not norma and required log-transformation to support the caculations.

The LDC method is used to caculate TMDLsin genera because it relies on measured water quality data
and paired water hardness data, and awide range of “flow exceedance” datarepresenting acompleterange
of flowsanticipated a Owl Creek. Giventhelack of water quality data, GWLF isthe most reliable method
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for deriving current nonpoint source loading and non-point load reduction because of thelarge nonpoint
source data base throughout the watershed.

Using measured WQS excur sions(Figures 3aand 3b) toestimate load reduction. Loadreductionis
defined as the postive difference between the WQS and the measured load (exceedance), and may be
estimated from the load exceedances shown on Figur es 3aand 3b. However, dueto the smal number of
exceedancesfrom the overall water quality monitoring data, the uncertainty wastoo large and therefore the
GWLF modd load estimate was preferred and was used instead.

Comparing GWLF output with LDC TMDL. Itispossibleto comparethe non-point loadsfor copper
using the GWLF and LDC methods. The three basic differences between the GWLF and LDC

gpproaches to making these estimates are: (1) GWLF output is based on watershed precipitation data
rather than measured flow dataand therefore results woul d not be expected to be comparable between the
two methods, (2) the GWLF dgorithms more completely account for copper loadings (including natura
background concentrations of copper in s0il) because GWLF estimates the totd amount of sediment

loading from the watershed to the receiving water; and (3) the ambient water quaity dataused to develop
the LDC only accounts for the portion of copper detected in the water column and does not take into
account the copper loading from the watershed that resdesin thebed load. Thisfact dso partidly explains
the higher copper loading estimates provided by the GWLF output.

Seasonal Variability: Federa regulaions (40 CFR 8130.7(c)(1)) require that TMDLSs take into
congderation seasond variability in applicable sandards.  Because the WQS exceedances occurred
equaly during winter, soring and summer/fal, no seasond variability isevident, and isnot expected to bea
controlling factor within this TMDL.

State Water Plan Implementation Priority: Because the copper imparment is due to naturd
contributions, this TMDL will be aLow Priority for implementation.

Unified Water shed Assessment Priority Ranking: Thiswatershed lieswithin the Upper NeoshoBasn
(HUC 8: 11070204) with apriority ranking of 20 (Medium Priority for restoration).

Priority HUC 11sand Stream Segments: Because the natural background affects the entire watershed,
no priority subwatersheds or stream segments will be identified.
5. IMPLEMENTATION

Copper containing chemicas are used extensvely in agriculture. Copper sulfate is probably the most
common chemica usedinthearea. Copper sulfateis used asafeeding supplement or dip for hogs, cettle,
and other farm animal. It isasoisused to clear ponds and irrigation canas of agae.

Desired | mplementation Activities

1. Identify sources of copper in ormwater runoff.
2. Indall grass buffer strips where needed dong streams.
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3. Educate users of copper-containing chemicals concerning possible pollution problems

Implementation Programs Guidance

Non-Point Sour ce Pollution Technical Assstance— KDHE

= Support Section 319 demondtration projectsfor pollution reduction from livestock operationsin
watershed.

= Provide technica assistance on practices geared to amdl livestock operationswhich minimize
impact to stream resources.

» Investigatefedera programs such asthe Environmenta Quaity Improvement Program, which
are dedicated to priority subbasins through the Unified Watershed Assessment, to priority
Stream segments identified by this TMDL.

Water Resource Cost Share & Non-Point Source Pallution Control Programs— SCC

= |ngdl livestock waste management systems for manure storage.

=  Implement manure management plans,

= Coordinate with USDA/NRCS Environmenta Qudity Improvement Program in providing
educationd, technica and financid assstance to agricultural producers.

Riparian Protection Program — SCC

= Develop riparian restoration projects along targeted stream segments, especidly those areas
with baseflow.

= Designwinter feeding areas away from streams.

Buffer Initiative Program — SCC

= Ingal grass buffer strips near streams.

=  Leverage Consarvation Reserve Enhancement Program to hold riparian land out of production.

Extension Outreach and Technical Assistance - Kansas State Univer sity

= Educate livestock producers on riparian and waste management techniques.

= Educate chemica and herbicide users on proper application rates and timing.

= Provide technica assistance on livestock waste management design.

= Continue Section 319 demondtration projects on livestock management.

Agricultural Outreach — KDA

= Provide information on livestock management to commodity advocacy groups.

= Support Kansas State outreach efforts.

Timeframe for | mplementation: Continued monitoring over the years from 2002 to 2007.

Targeted Participants. Primary participants for implementation will be the landowners immediately
adjacent to Owl Creek that use copper-containing chemicds. Some inventory of copper uses should be
conducted in 2005-2006 to identify such activities. Such an inventory would be done by loca program
managers with appropriate assistance by commodity representatives and state program staff in order to
direct sate assstance programs to the principd activities influencing the qudity of the streams in the
watershed during the implementation period of this TMDL.
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Milestone for 2007: The year 2007 marks the midpoint of the tenyear implementation window for the
watershed. At that point intime, sampled datafrom the Owl Creek watershed should indicate no evidence
of increasing copper levels relative to the conditions seen in 1993-2001. Should the case of impairment
remain, source assessment, alocation and implementation activities will ensue.

Delivery Agents. Theprimary ddivery agentsfor program participation will be the Kansas Department of
Hedth and Environment and the State Conservation Commission.

Reasonable Assurances:

Authorities: The following authorities may be used to direct activities in the watershed to reduce
pollution.

1. K.S.A. 65-171d empowers the Secretary of KDHE to prevent water pollution and to
protect the beneficid uses of the waters of the state through required trestment of sawage and
established water qudity standards and to require permits by persons having a potentid to
discharge pollutants into the waters of the Sate.

2. K.S.A. 2-1915 empowers the State Conservation Commission to develop programs to
assg the protection, conservation and management of soil and water resources in the state,
including riparian aress.

3. K.S.AA. 75-5657 empowers the State Conservation Commission to provide financia
assistance for local project work plans developed to control nonpoint source pollution.

4.K.S.A. 82a-901, et seq. empowersthe Kansas Water Officeto develop astate water plan
directing the protection and maintenance of surface water quality for the waters of the State.

5. K.S.A. 82a-951 creates the State Water Plan Fund to finance the implementation of the
Kansas Water Plan.

6. TheKansas Water Plan and the Neosho Basin Plan provide the guidanceto state agencies
to coordinate programs intent on protecting water qudity and to target those programs to
geographic aress of the sate for high priority in implementation.

Funding: The State Water Plan Fund, annudly generates $16-18 million and is the primary funding

mechanism for implementing water qudity protection and pollution reduction activitiesin the Sate through
the Kansas Water Plan. The state water planning process, overseen by the Kansas Water Office,

coordinates and directs programs and funding toward watersheds and water resources of highest priority.
Typicdly, the state dlocates at least 50% of the fund to programs supporting water qudity protection. This
watershed and its TMDL are aLow Priority consideration.

Effectiveness: Buffer Sripsaretouted asameansto filter sediment beforeit reachesastream and riparian
restoration projects have been acclamed as a significant means of stream bank stabilization. The key to
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effectiveness is participation within a finite subwatershed to direct resources to the activities influencing
water qudity. Themilestones established under thisTMDL areintended to gaugetheleve of participationin
those programs implementing this TMDL.

With respect to copper, should participation significantly lag below expectations over the next five yearsor
monitoring indicates lack of progress in improving water qudity conditions, the state may employ more
stringent conditionson agricultura producersand urban runoff inthewatershed in order to meet the desired
copper endpoint expressed inthisTMDL.. The gtate hasthe authority to impose conditionson activitieswith
a dgnificant potentid to pollute the waters of the state under K.S.A. 65-171. If overal water quality
conditionsin the watershed deteriorate, a Critica Water Quality Management Areamay be proposed for
the watershed.

6. MONITORING

KDHE will continueto collect bimonthly samplesat rotationa Station 610 in 2004 and 2008 including total

copper samples in order to assess progress and success in implementing this TMDL. Should impaired
datus remain, the desired endpoints under this TMDL may be refined and more intensive sampling may

need to be conducted under specified high flow conditions during the period 2007-2011. Useof thered

time flow data available a the Marmaton River near Marmaton stream gaging station can help direct these
sampling efforts. Also, use of USEPA Method 1669 - Sampling Ambient Water for Trace Metals at
USEPA Water Qudlity Criteria Levels for ultra-clean copper sampling and andysis could help to further
define potentialy bioavailable and toxic forms of copper occurring in the watershed.

7. FEEDBACK

Public M eetings: Public meetingsto discuss TMDL sin the Neosho Basin were hed January 9, 2002 in
Burlington, March 4, 2002 in Council Grove, and July 30, 2004 in Marion. An active Internet Web Ste
was established at http://www.kdhe state.ks.us/tmdl/ to convey information to the public on the generd

establishment of TMDL s and specific TMDLs for the Neosho Basin.

Public Hearing: Public Hearingson the TMDL s of the Neosho Basin were hdd in Burlington and Parsons
on June 3, 2002.

Basin Advisory Committee: The Neosho Basin Advisory Committee met to discussthe TMDLsin the
basin on October 2, 2001, January 9, March 4, and June 3, 2002.

Discussion with Interest Groups: Meetings to discuss TMDLs with interest groups include:
Kansas Farm Bureau: February 26 in Parsons and February 27 in Council Grove

Milestone Evaluation: In 2007, evauation will be made as to the degree of implementation that has
occurred within the watershed and current condition of the Owl Creek watershed. Subsequent decisions
will be made regarding the implementation gpproach and follow up of additiond implementation in the
watershed.
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Consderation for 303(d) Delisting: The wetland will be evauated for ddisting under Section 303(d),
based on the monitoring data over the period 2007-2011. Therefore, the decison for delisting will come
about in the preparation of the 2012 303(d) list. Should modifications be made to the applicable water
quality criteria during the tentyear implementation period, consderationfor ddlisting, desired endpoints of
this TMDL and implementation activities may be adjusted accordingly.

I ncor por ation into Continuing Planning Process, Water Quality Management Plan and theKansas
Water Planning Process. Under the current verson of the Continuing Planning Process, the next

anticipated revison will comein 2003 that will emphasize revison of the Water Qudity Management Plan.
At tha time, incorporation of this TMDL will be made into both documents. Recommendations of this
TMDL will be considered in Kansas Water Plan implementation decisionsunder the State Water Planning

Process for Fiscal Y ears 2003-2007.
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Table A-1 Data Used to Generate the Flow Duration Curve

p Flow (cfs)
6917380 | Owl Cr

99 0.01 0.49
98 0.06 0.49
97 0.11 0.49
96 0.15 0.49
95 0.20 0.49
94 0.26 0.49
93 0.32 0.49
92 0.38 0.49
91 0.44 0.49
90 0.50 0.57
89 0.62 0.70
88 0.74 0.83
87 0.86 0.96
86 0.98 1.09
85 1.10 1.22
84 1.32 1.38
83 1.54 1.54
82 1.76 171
81 1.98 1.87
80 2.20 2.03
79 2.68 2.19
78 3.16 2.35
77 3.64 2.52
76 4.12 2.68
76 4.12 2.68
75 4.60 2.84
74 5.48 3.05
73 6.36 3.25
72 7.24 3.45
71 8.12 3.65
70 9.00 3.86
69 10.32 4.10
68 11.64 4.34
67 12.96 4.59
66 14.28 4.83
65 15.60 5.08
64 17.28 5.28
63 18.96 5.48
62 20.64 5.68
61 22.32 5.89
60 24.00 6.09
59 26.06 6.50
58 28.12 6.90
57 30.18 7.31




Flow (cfs)

P 6917380 | Owl Cr
56 32.24 7.71
55 34.30 8.12
54 36.54 8.53
53 38.78 8.93
52 41.02 9.34
51 43.26 9.74
50 45.50 10.15
49 47.76 10.72
48 50.02 11.29
47 52.28 11.86
46 54.54 12.42
45 56.80 12.99
44 60.82 13.89
43 64.84 14.78
42 68.86 15.67
41 72.88 16.56
40 76.90 17.46
39 81.52 18.84
38 86.14 20.22
37 90.76 21.60
36 95.38 22.98
35 100.00 24.36
34 105.66 26.19
33 111.32 28.01
32 116.98 29.84
31 122.64 31.67
30 128.30 33.50
29 135.90 36.54
28 143.50 39.59
28 143.50 39.59
27 151.10 42.63
26 158.70 45.68
25 166.30 48.72
24 175.74 54.40
23 185.18 60.09
22 194.62 65.77
21 204.06 71.46
20 213.50 77.14
19 232.72 88.10
18 251.94 99.06
17 271.16 110.03
16 290.38 120.99
15 309.60 131.95
14 349.52 158.34
13 389.44 184.73
12 429.36 21112
11 469.28 237.51
10 509.20 263.90
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o

Flow (cfs)

6917380 | Owl Cr

9 646.56 336.98
8 783.92 410.06
7 921.28 483.14
6 1058.64 556.22
5 1196.00 629.30
4 2254.50 [ 1096.20
3 3313.00 [ 1563.10
2 4371.50 | 2030.00
1 5430.00 [ 2496.90
0.9 - 2679.60
0.8 - 2882.60
0.7 - 3146.50
0.6 - 3451.00
0.5 - 3857.00
0.4 - 4466.00
0.3 - 5075.00
0.2 - 6090.00
0.1 - 7917.00

Notes: - indicates data not available
Source: USGS 2001
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Table A-2 Water Quality Data for Station 610 and Matched Flow Data Used to Support
the Load Duration Curve

Collection Flow Copper. Hardness Acute WQS | Chronic WQS
Date (cfs) Concentration (mg/L (ug/L) (ug/L)
(ug/L) CaCO,)

2/10/1992 5.8 13.0 88.00 12.41 8.36
4/13/1992 197 18.0 131.00 18.05 11.75
6/8/1992 105 12.0 80.00 11.34 7.71
8/3/1992 126 15.0 75.00 10.68 7.3
10/5/1992 33 15.0 90.00 12.68 8.53
12/7/1992 143 20.0 150.00 20.51 13.19
2/19/1996 0.55 4.4 238.22 31.72 19.59
4/15/1996 0.94 4.8 240.10 31.95 19.72
6/17/1996 2.8 73.5 60.35 8.7 6.06
8/12/1996 0.47 4.4 143.37 19.66 12.69
10/7/1996 43 14.9 96.01 13.47 9.01
12/2/1996 882 154 68.18 9.76 6.73
2/1/2000 4 6.6 181.43 24.54 15.52
4/4/2000 145 114 131.90 18.17 11.82
6/6/2000 2.4 8.0 187.22 25.28 15.94
8/8/2000 3.9 6.2 115.66 16.06 10.56
10/3/2000 7.1 2.0 154.19 21.05 13.51
11/28/2000 4.4 4.4 118.41 16.42 10.78




APPENDIX B
INPUT AND OUTPUT DATA FOR GWLF MODEL



Owl Creek Input

LAND USE AREA(ha) CURVE NO KLSCP
ROPLAND AND PASTURE 48070. 88.0 0.01000
DECIDUOUS FOREST LAND 1828. 78.0 0.01000
HERBACEOUS RANGELAND  2728. 79.0 0.01000
OTHER AGRI LAND 77. 2.0 0.01000
STRIP MINES 13. 98.0 0.01000
RESERVOIRS 150. 0.0 0.00000
COMMERCIAL AND SERVICES 61. 98.0 0.01000
MXD URBAN OR BUILT-UP 234. 98.0 0.01000
MONTH ET CV( DAY HRS GROW. SEASON EROS. COEF
JAN 1.000 9.7 0 2

FEB 1.000 10.6 0 2

MAR 1.000 11.8 0 2

APR 1.000 13 0 2

MAY 1.000 14 1 3
JUNE 3.000 145 1 3
JULY 3.000 14.3 1 3

AUG 3.000 134 1 3
SEPT 3.000 122 1 3

OCT 3.000 11 1 3

NOV 1.000 10 0 2

DEC 1.000 9.4 0 2

ANTECEDENT RAIN+MELT FOR DAY -1TODAY -5
0 0 0 0 0

INITIAL UNSATURATED STORAGE (cm) = 10
INITIAL SATURATED STORAGE (cm) = 0
RECESSION COEFFICIENT (Uday) = .01
SEEPAGE COEFFICIENT (Uday) = 0

INITIAL SNOW (cmwater) = 0

SEDIMENT DELIVERY RATIO = 0.065

UNSAT AVAIL WATER CAPACITY (cm) = 10



Owl Creek Output
Owl_Creek YEAR SIMULATION

YEAR PRECIP EVAPOTRANS GRWAT.FLOW RUNOFF STREAMFLOW

—————————————————————————————————————————————————————————— (M) = m e m e e o e
1 88.2 62.6 14.9 14.0 8.9
2 69.6 62.6 2.2 8.4 10.7
3 108.5 78.8 4.7 27.1 318
4 70.8 62.3 0.3 8.4 8.7
5 74.8 54.2 0.0 16.9 16.9
YEAR EROSION SEDIMENT
——————————————————————————————— (1000 M@)--=-=-====-=n=nemmmomaeaen-s

1 197.0 12.8

2 178.9 11.6

3 320.1 20.8

4 167.5 10.9

5 221.9 14.4



